The Differentiation of Spinal Cord Motor Neurons is Associated with Changes of the Mitochondrial Phospholipid Cardiolipin.
Motor neuron damage caused by diseases, traumatic insults or de-afferentation of the spinal cord is often incurable due to the poor intrinsic regenerative capacity. Moreover, regenerated peripheral nerves often do not reach normal functionality. Here, we investigated cardiolipin in the process of neuro-differentiation, since cardiolipin is closely linked to the mitochondrial energy supply in cells. The NSC-34 hybrid cell line, produced by fusing neuroblastoma cells with primary spinal cord motor neurons, was used, since it shares several morphological and physiological characteristics with mature primary motor neurons. Their neuro-differentiation was supported by switching from normal to differentiation medium or by fatty acid supplementation. Differentiation was evaluated by measuring neurite-sprouting parameters and PPARα expression. Cellular fatty acid distribution was analyzed to indicate changes in lipid metabolism during differentiation. Cardiolipin was characterized by acyl-chain composition and the distribution of molecular cardiolipin species. Both, the switch from normal to differentiation medium as well as the administration of palmitic and oleic acid promoted neuro-differentiation. Stimulated differentiation was accompanied by changes in cardiolipin content and composition. The positive correlation between neuro-differentiation and concentration of those molecular cardiolipin species containing palmitic and oleic acid implied a link between differentiation of NSC-34 cells and cardiolipin metabolism. We further demonstrated the impact of cellular lipid metabolism, and particularly cardiolipin metabolism, during and NSC-34 neuritogenesis. Thus, cardiolipin may represent a new therapeutic target for axon regeneration after peripheral nerve injuries or when axon sprouting is required to compensate for motor neuron loss in response to aging and/or disease.